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I l\TI\O!JUCTIO:\ Diazepam was reported to provide adequate abdominal relaxation without curarization (Campan and Espagno I!W-t). \'ergano et al. (1970) observed that diazepam potentiated the peripheral neuromuscular block produced by small doses of specific muscle relaxants. But many other worklTs (Parkes 1968, Hudson and \Volpert 1 !l70) reported a complete absence of peripheral neuromuscular blocking activity by diazepam. Hamilton (I!W') and Dretchen, Ghoneim and Long (HI71) conjectured that in extraordinary conditions like myasthenia gravis, a peripheral neuromuscular action of diazepam may be manifested in response to gross overdosage or e\Tn ordinary therapeutic doses. However, Hamilton (HW7) concluded that diazepam influenced skeletal muscle activity purely as a central muscle relaxant. In view of such controversy over a probable peripheral neuromuscular action in diazepam, it was considered important to probe the matter further. The present paper reports the effects of diazepam on neuromuscular transmission in intact nerve muscle preparation in dogs when used alone and when given simultaneously with or during partial block by specific muscle relaxants. Observations on the time of onset of action and degree and duration of myoneural block in human beings, using d-tubocurarine alone or a combination of d-tuhocurarine and diazepam, are also reported.
:\IETHODS

Studies il1 Dogs
Mongrel dogs weighing between six to 12 kg were used. They were anaesthetized with pentobarbitone sodium and artificially ventilated after tracheostomy and tracheal cannulation. Tibialis anterior-sciatic nerve preparation was set up and the isometric contractions of the tibialis anterior in response to the electrical stimulation of the cut peripheral cnd of the> sciatic nerve were recorded on a kymograph. For stimulation, supramaximal square wave pulses of 0·3 msec duration at the rate of 12 per minute were used. Drugs, whose effects were to be studied, were given intravenously through an indwelling cannula in the femoral vein. 
Measurements of parameters of relaxant action
When the preliminary experiments revealed no immediate effect of diazepam given alone or during a partial block produced by muscle relaxants, further analysis of any possible interaction between muscle relaxants and diazepam was carried out as follows:
Control mean values of (i) time of onset of action, (ii) per cent depression of twitch tension after a predetermined dose and (iii) the time taken for recovery up to 75 per cent of the control twitch height were determined after mJectmg d-tubocuranne (0·1 mg/kg) or gallamine (0·4 mg/kg) in five experiments each.
The mean values of these parameters were also determined in five experiments each after simultaneous administration of 5 mg diazepam and similar doses of d-tubocurarine or gallamine.
The following criteria were used to measure the three parameters of relaxant action:
(i) Time of onset of action: The time elapsing between injection of the relaxant and the onset of peak effect. (ii) Degree of block: Percentage diminution from the initial steady state control twitch height in any particular experiment. (iii) Seventy-five per cent recovery time: Time between injection of the relaxant and when the depressed twitch height recovered up to 75 per cent of the initial height in that particular experiment.
Studies in Humans
Thumb movements in response to median nerve stimulation by supramaximal square wave No. of Expts.
Effect on Twitch Tension
Nil Diazepam did not affect the block produced by d-tubocurarine Diazepam did not affect the block produced by gallamine Diazepam did not affect the block produced by pancuronium pulses of 0·3 msec duration and at the rate of 12 per minute were recorded on an ink writing recorder using a force displacement transducer and a suitable preamplifier. Subcutaneous needle electrodes and a ' Burroughs-W ellcome ' Peripheral nerve stimulator were used. Control values of mean time of onset of action, mean degree of block and the mean 75 per cent recovery time were determined in eight healthy subjects undergoing surgery under general anaesthesia after giving tthem d-tubocurarine (0·3 mg/kg) alone.
In another eight subjects, d-tubocurarine (0·3 mg/kg) and diazepam 10 mg were injected simultaneously and the mean time of onset of action, mean degree of block and the mean 75 per cent recovery time were determined.
All subjects received atropine (0·6 mg) and promethazine (25 mg) as premedication an hour before induction of anaesthesia with thiopentone (about 5 mg/kg). Tracheal intubation was facilitated with a 1·0 mg/kg dose of suxamethonium. Nitrous oxide, oxygen and halothane were used to maintain anaesthesia until d-tubocurarine (0·3 mg/kg) or d-tubocurarine (0·3 mg/kg) and diazepam 10 mg were injected after the experimental set-up for the recording of the thumb movements was ready.
RESULTS
Effect of diazepam on normal and partially blocked twitch tension
Preliminary experiments revealed that diazepam alone produced no effect on the twitch tension in the dog tibialis anterior-sciatic nerve preparation. No immediate tangible potentiation or reversal was seen on giving a 5 mg bolus dose of diazepam in experiments where a partial block had been already produced by small incremental doses of d-tubocurarine, gallamine or pancuronium (Table 1) . 
Effect of cliaze /Jam on parameters of relaxant action in dogs
The mean time of onset of action, the mean per cent depression of twitch tension and the mean time taken for recovery up to 'If) per cent of the control twitch tension were measured after administration of d-tubocurarine (0'1 mg/kg) alone or d-tubocurarine (0'1 ll1gjkg) with [j mg diazepam.
Simultaneous administration of diazepam and d-tubocurarine produced a significantly higher degree of block and a significant delay in recovery to 'If) per cent of the control twitch tension. The difference in the time of onset of action was not significant (Table 2) .
Similar experiments using gallamine alone or a combination of gallamine and diazepam revealed a significant decrease in the mean intensity of block. As the combination of diazepam and gallamine in the doses used did not produce a block of more than 2;") per cent of the control twitch tension in any experiment, the comparison of recovery times up to '15 per cent of control twitch tension was not possible.
jl easurements in human beings
Simultaneous administration of d-tubocurarine and diazepam produced no significant changes in the mean time of onset of action, in the mean intensity of action and in the mean 7f) per cent recovery time (Table 3) .
DISCCSSIOl\
In experiments on intact muscle-nerve preparation in dogs, diazepam in doses of 1· 0 mgjkg produced no effect on twitch tension in the present study. Similar observations on muscle-nerve preparation in cats were reported by Crankshaw and l~aper (1!Hi8) and Hudson and Wolpert (1970) using a wide range of diazepam dosage. Parkes (1 !j()8) , too, had observed no neuromuscular action in diazepam. Dretchen et al. (1971) , however, stated that overtherapeutic doses of diazepam depressed muscle contraction in chick muscle-nerve preparation. \Vhen given intra-arterially, diazepam depressed the contraction of anterior tibial muscle in muscle-nerve preparation in dogs and cats, while intravenously given diazepam produced no such effect.
Diazepam, again, failed to produce any effect on the intensity of block when given during partial curarization by cl-tubocurarine, gallamine or pancuronium.
The probability of an interaction between diazepam and muscle relaxants was further Anaesthesia and Intensive Carp, ['of-I IT, So. :!, Jlav, J976 probed through comparisons of mean time of onset of action, mean intensity of block and mean duration of action using relaxants alone and relaxant along with diazepam. Such measurements and comparisons of relaxant action parameters in the dog tibialis anteriorsciatic nerve preparations revealed that diazepam when given simultaneously with a dose of d-tubocurarine caused a significant rise in the degree and duration of block by d-tubocurarine. In case of gallamine the degree of block was significantly reduced. Observations of Cheymol et al. (1967) on interaction between d-tubocurarine or gallamine and diazepam in animal experiments were similar. However, Vergano et al. (1970) did not observe any antagonism between diazepam and gallamine; on the contrary they noted a synergism. In the present work, diazepam when given during partial block by specific muscle relaxants was not observed to exert any synergistic or antagonistic action on the existing block. But when specific muscle relaxants and diazepam were administered simultaneously, the parameters of relaxant action changed. Such an effect would be possible only if simultaneous administration of diazepam influenced in some way the availability of the specific muscle relaxants at the neuromuscular junction. This influence could be exerted by altering the combination of muscle relaxants with plasma proteins during their transport to the target site after intravenous administration.
The findings of the present study on the interaction of diazepam and d-tubocurarine in human beings are in conformity with those of Stovner and Endreson (19{) Hunter (1967) and Dretchen et al. (1971) . However, Stovner and Endreson (1965b) , Moore (1968 ), Feldman and Crawley (1970a , 1970b and Yergano et al.
(HHO) found that diazepam potentiated the effect of small doses of specific neuromuscular blocking agents. Hamilton (19tH) emphasized that diazepam exerted a skeletal muscle relaxant action primarily through a central action. But Dretchen et al. (1971) remarked that in certain extraordinary circumstances, like the presence of a myasthenic state, the use of gross overdose or even a therapeutic dose of diazepam might reveal some peripheral neuromuscular blocking action. Another such extraordinary circum-stance may be the combined use of diazepam and muscle relaxants. And this was the reason why the effects of diazepam and d-tubocurarine given simultaneously were studied in human beings. But the results of the present enquiry have revealed that a combination of d-tubocurarine and diazepam in therapeutic dose would not lead to any adverse peripheral neuromuscular effect, Similar studies on the combined use of diazepam and the other muscle relaxants are required to give a judgement on the safety of using diazepam with other muscle relaxants.
